Microscopic examination of peripheral blood smear (PBS) for detection of microorganisms is simple method that can be used for doctors to confirm the septicemia more swiftly and to select more specific therapy. But it is unusual to find microorganisms in PBS. We report a case of gram negative bacteremia diagnosed by PBS in a severe thrombocytopenic pediatric surgical patient. A 6-month and 2 week old baby with cyanosis was diagnosed congenital heart diseases such as transposition of great arteries, atrial septal defect, and patent ductus arteriosus. The infant underwent surgical operations and the postoperative platelet count progressively decreased in spite of transfusion of multiple platelet concentrates. We performed routine examination of a PBS for evaluation of severe thrombocytopenia. The PBS revealed severe thrombocytopenia, leukopenia with left shifted and some extracellular bacilli. Toxic granulations, toxic vacuoles and some bacilli were observed in the neutrophils. The bacilli were identified as Pseudomonas aeruginosa and Serratia marcescens in blood culture. To our knowledge, this is the second case of bacteremia diagnosed by PBS before the positive blood culture in Korea. We suggest that a PBS is useful for the rapid detection of organisms in cases of septicemia with severe thrombocytopenic pediatric surgical patient. (Korean J Clin Microbiol 2010;13:182-186)
INTRODUCTION
Septicemia is a severe clinical syndrome characterized by systemic signs of infection, shock and systemic organ failure. A rapid and definitive diagnosis is essential in the management of septicemia. The diagnosis of septicemia is confirmed by the presence of organisms in the blood. Although positive results in blood culture may establish the diagnosis, it is not a factor of the initial treatment decisions because of it takes a bit of time to get positive blood culture. A microscopic examination of the peripheral blood smear (PBS) for detection of organisms has been reported to be a simple method that can be used to hasten the confirmation of septicemia thereby enabling doctors to immediately select more specific treatment. However, a PBS occasionally shows bacteria only in cases of overwhelming septicemia [1] [2] [3] . In Korea, report of diagnosis of bacteremia by the PBS is very rare [4] . In this report, we describe a case of septicemia caused by Gram negative bacilli, which was diagnosed by a microscopic examination of PBS before positive blood culture in a severe thrombocytopenic infant who had surgical operation for underlying illness.
CASE REPORT
A 6-month and 2-week old male infant was taken to the department of pediatrics due to cyanosis and was diagnosed congenital cardiac anomalies with transposition of great arteries (TGA), patent ductus arteriosus (PDA), and atrial septal defect (ASD). The infant was transferred and admitted to the thoracic and cardiovascular surgery for the operation of the above cardiac anomalies. The infant underwent operations three times for 9 days. Routine complete blood counts (CBC), chemistry, arterial blood gas analysis (ABGA) and electrolytes were monitored several times a day. His CBC and ABGA findings were occasionally unstable and C-reactive protein (CRP) was elevated. He received multiple units of packed red cells (PRC), platelet concentrates (PC), or fresh frozen plasma (FFP) when his CBC data were abnormal. His platelet count was getting decreased despite of PC transfusion (Fig. 1) . On the 13th day of hospital (the 3rd post-operation day after the 3rd operation), a PBS examination was requested for an evaluation of severe thrombocytopenia. A review of the PBS revealed severe thrombocytopenia, leukopenia with left shifted, and normochromic normocytic anemia with anisocytosis and poikilocytosis such as schistocytes and burr cells. There are some neutrophils with toxic granulations and vacuoles, and some intracellular and extracellular bacilli were observed (Fig. 2) . The bacilli were Gram negative and we made preliminary diagnosis of septicemia caused by Gram negative bacilli. Two sets of blood cultures and pleural fluid cultures were obtained. At that time, the patient's body temperature was 35.9 o C, blood pressure was 70/29 mmHg, pulse rate was 126/min, and respiratory rates were 26/min. Laboratory findings revealed pancytopenia with severe thrombocytopenia, disseminated intravascular coagulation (DIC), and respiratory acidosis ( Table 1) . A chest radiograph showed pulmonary edema. The next day, multiorgan failures were developed and in spite of all intensive medical treatments including antimicrobial agent (ceftriaxone, vancomycin), the patient was expired finally. After overnight incubation, blood and pleural fluid 
DISCUSSION
A rapid and definitive diagnosis is essential in the management of septicemia. Blood culture may establish the diagnosis, but it is not a factor in the initial treatment decisions because of it requires incubation time to get positive results. Several studies on the utility of examining peripheral blood in the setting of probable septicemia have been performed. The use of buffy coat smears has been attempted to detect bacteremia [5, 6] . However, these methods have never been popular as diagnostic tools because of lack of sensitivity in detecting bacteremia when being compared with conventional blood culture method.
PBS is also insensitive when compared to blood cultures and the organisms appeared on smears could not be identifed to the species level of organisms. Detection of microorganisms by clinical specimen examination requires a microorganism with the concentration of 10 5 CFU/mL or greater [7, 8] . This degree of bacteremia is unusual. Therefore, detection of bacteremia by routine blood smear review will not be possible in most cases and it has not been widely used for detection of bacteremia. But, the sensitivity of PBS review is greatly increased if the laboratory observers, who have abundant experiences and receive sufficient training, are specifically directed to look for the presence of microorganisms [8] [9] [10] . And this method is simple, inexpensive and safe procedure to detect a variety of organisms and to evaluate the type of inflammatory responses [9] . Typical Gram reactions, morphologies and arrangements of the observed organisms may give the presumptive identification of some certain etiological bacteria [9] . Moreover, the slide can be saved as a part of the medical record, examined by others, and restained if necessary [10] . So if microscopic examination of PBS by experienced laboratory observers is performed, it can provide a rapid preliminary diagnosis of overwhelming bacteremia is suspected in such cases of neonatal sepsis [10] , thereby allowing clinicians to strengthen the empirical antimicrobial regimen and it may improve the outcome of the septic process.
The results of microscopic examination are examiner dependent [8, 10] . Careful screening of PBS only frequently reveals intraleukocytic organisms. The criteria for diagnosing septicemia based on a PBS are as follows; cellular inclusion bodies are organisms, the organisms must be intracellular, and the cells containing organisms must be leukocytes and not nonhematopoietic cells [3] . If only extracellular microorganisms in PBS is observed, they have to be interpreted carefully because those could be contamination in vitro such as artifacts from slide glasses, anticoagulants, and staining fluid. Toxic neutrophils such as toxic granules, cytoplasmic vacuoles, and Döhle inclusion bodies appear to be very predictive of systemic infection [11] , therefore identification of these morphologic alterations in neutrophils could be used to distinguish true bacteremia from specimen contamination. Actually, van der Meer et al [12] demonstrated 4 cases of bacteria in PBS, two of them had a fatal outcome, but the other 2 were caused by a contamination either via the central venous catheter or in vitro, both without dramatic outcomes.
Gram negative septicemia is frequently a fatal complication threatening the newborn and infants received surgical operations [13] . There are multiple factors such as contributing to the apparently increased frequency of septicemia. Direct surgical insults to internal organs, various vascular accesses, open wounds, and use of intravascular catheters for monitoring and endotracheal tubes and ventilators for the treatment of respiratory distress has increased the infant's exposure to bacteria.
Thrombocytopenia is frequently diagnosed in pediatric surgical patients suffering from Gram negative septicemia. The reason for decreased platelet count in postoperative septicemia has been ascribed to several causes such as bone marrow suppression, DIC and hemophagocytosis, but the mechanisms responsible for thrombocytopenia are not clearly identified, yet [14] . Among postulated mechanisms, there are such things as the following. First, platelet production may be impaired as a result of direct invasion of bacteria in the megakaryocytes, second, circulating platelets may interact with bacteria and be destroyed by bacteria, third, platelets may damaged by bacterial immune complexes [15] .
Thrombocytopenia is caused by infection, thrombotic thrombocytopenic purpura, heparin induced thrombocytopenia, DIC, drug-induced thrombocytopenia, and posttransfusion thrombocytopenia [15] . Because of persistent thrombocytopenia is associated with high morbidity and mortality, early recognition of the cause of postoperative thrombocytopenia is essential for appropriate preventive measures and management of bleeding complication. Initial evaluation should be include CBC, reticulocyte count, haptoglobin, prothrombin time, activated thromboplastin time, thrombin time, fibrinogen, and fibrin degradation products. There are some specific diagnostic tools including PBS and blood culture for differential diagnosis of postoperative thrombocytopenia [15] .
The degree of thrombocytopenia is very important for differential diagnosis and treatment. Rowe et al [13] observed that all the major surgical infants and children with positive blood cultures for Gram negative septicemia had a platelet count below 150,000/μL, but the patients with Gram positive septicemia had a platelet count above 150,000/μL, and they conclude that the most rapid, simple and accurate method for the early detection of gram negative septicemia in the various pediatric surgical patients appeared to be serial platelet counts among various parameters. The following recommendations would improve the management of pediatric surgical patients who are at high risk to develop gram negative septicemia [13] . Postoperative pediatric patients at risk, especially who had major surgery such as cardiac operation as in the case of our patient, should be monitored by serial platelet counts because a fall in platelet count is very suggestive of Gram negative septicemia. Therefore, if patient has evidence of infection such as fever and chills, sources of infection should be sought and multiple PBS and blood cultures should be drawn to determine the pathogens. Removal of intravascular catheters, discontinuance of total parenteral nutrition and the initiation of antibiotic therapy should be considered. If a fall in platelet count below 150,000/μL and even minimal clinical signs are present present in the postoperative infants or children, antibiotics administration should be considered and other supportive or special measures such as platelet transfusion should be taken to combat infection. In spite of antibiotics and other treatments, a fall or a persistently low platelet count over several days after operation suggests ineffective therapy. Sources of continued infection should be sought and the antibiotic program should be changed according to the antimicrobial susceptibility test [13] .
In conclusion, although PBS is not a routine procedure for detecting bacteremia, this procedure could be useful before blood culture when overwhelming Gram negative bacteremia is suspected in pediatric surgical patients with persistent thrombocytopenia as in the case of our patient. 
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